Since Behar and others (1979) demonstrated the effectiveness of extradural morphine in relieving severe pain, we have used the technique in more than 80 patients. The majority had pain following thoracic or abdominal operations, but patients with pain from ischaemic legs, abdominal malignancy, trauma, acute and chronic pancreatitis and post-herpetic neuralgia also received relief by this technique. Whenever we changed from intermittent i.m. administration of a narcotic to extradural morphine, the patient reported improved pain relief. Despite reports of respiratory depression following extradural pethidine 50 or 100 mg (Scott and McClure, 1979) , morphine 3 or 4 mg appeared to be almost devoid of side-effects in our patients. Arterial pressure was virtually unchanged, the patient could walk if permitted and the sensorium appeared unclouded.
We examined these impressions under controlled conditions by administering morphine 3 or 4mg extradurally to five volunteers and comparing the effect against that of morphine i.m.
METHODS
The subjects were colleagues and were in good health (table I) .
Morphine sulphate used for extradural administra- tion contained sodium metabisulphite as preservative. The morphine sulphate 10 mg in 1 ml was diluted to 10 ml in normal saline, 3 or 4 ml of this solution was further diluted to 10 ml, which was administered in the L3-4 interspace with the subject sitting. Tests were performed before the injection and from 60 mjn thereafter. The tests took about 30 min to complete and are recorded in the tables at "75 min" after drug administration. Carbon dioxide response and the pain threshold determinations (see below) were repeated at 3 h after drug administration. Three days to 1 week later the study was repeated except that each subject received morphine 10 or 15 mg i.m. in place of the extradural dose.
Determinations included carbon dioxide response, pain threshold measurement, hand-eye co-ordination, the ability to walk and short-term memory. Pinprick, light touch, heat and cold sensations were tested and each subject recorded relevant subjective experiences during or immediately following the study.
The carbon dioxide response was determined by a modification of the method of Milledge, Minty and Duncalf (1974) , with the apparatus shown in figure 1. The subjects rebreathed oxygen from a 5-litre reservoir bag. Minute volume was measured with a Godart pneumotachograph and recorded continuously on the ordinate of a Brush 500 X-Y plotter. The exhaled carbon dioxide concentration was determined by a Datex CDlOl infra-red carbon dioxide analyser the output of which was displayed on the abscissa. The right edge of the tracing thus corresponds to end-tidal carbon dioxide concentra- tion, and the slope of the carbon dioxide response curve was determined at this edge in the portion between FECQ, 0.06 and 0.09 which was substantially linear ( fig. 2 ). The use of this portion of the response curve eliminates the initial integration error of the pneumotachograph and the non-linearity produced by initiating rebreathing with a carbon dioxide-free mixture (Read, 1967) . The pain threshold was determined by the method of Clutton-Brock (1957) with a spring balance calibrated in kg using a 4-mm disk. At each determination three readings were taken from each tibia and from the forehead and the average for each site was noted.
Hand-eye co-ordination was tested by a threedimensional tracking task. Each error caused a buzzer to sound and the number of errors was recorded for each run. The ability to walk was tested by making each subject walk along a marked serpentine line on the floor. Finally, short-term memory was tested by repeating in reverse order five seven-digit numbers, read one at a time to the subject.
At each test session the carbon dioxide response was determined first then the other tests were performed, the arterial pressure and heart rate were recorded and light touch, pin-prick, hot and cold sensation were checked. Finally the carbon dioxide response was determined again.
Statistical significance was tested by singfe-tailed Student's t test for paired results.
RESULTS
Extradural injection of morphine reduced the carbon dioxide response slightly, but this was not statistically significant at either 75 or 180 min (table II) . Following ijn. morphine the depression of carbon dioxide response was significant (P<0.05) at both 75 and 180 min. It is interesting to note that subject No. 2 showed no depression following either the extradural or the i.m. morphine. Following the latter, he was nauseated and vomited repeatedly throughout the study.
Following extradural morphine, pain threshold in the legs was significantly increased after 3 h (table  III) . There was no effect on the threshold measured on the forehead. After i.m. morphine, however, there was little detectable increase in the pre-tibial threshold, but the increase at the forehead was significant: P<0.01 at 75 min and P<0.05 at 3 h. Readings from the forehead were more consistent in each subject than those from the tibia. Neither extradural nor ijn. morphine affected the arterial pressure or heart rate significantly. The frequency of tracking errors decreased following extradural morphine; we assume this to be a learning effect. After i.m. morphine it increased. Neither change was statistically significant. Walking errors occurred only after i.m. morphine. The number of errors in the memory task was increased significantly (P<0.05) by i.m. morphine but not by extradural morphine (table IV) .
The sensory modalities tested showed little change. A number of other effects was noted. After extradural injection all four male volunteers suffered difficulty in micturition for up to 18 h. Three of the males also had inability to ejaculate and three (not the same three) complained of severe itching in the lower half of the body. Two of the subjects felt slightly euphoric. All subjects appeared able to function normally in other respects.
Following i.m. administration no urogenital sideeffects were noted, but three of the subjects were obviously slow in their speech and thought processes and one was nearly incapacitated by nausea and vomiting. Two complained of itching and only one subject appeared to function effectively.
DISCUSSION
Extradural morphine has impressed us by its apparent freedom from side-effects and a long duration of analgesia. This study confirmed these impressions in part only. Respiratory depression caused by extradural morphine 3 or 4 mg was minimnij and the increase in pain threshold in the legs significant With i.m. administration of morphine the reverse was the case.
In our clinical experience urinary retention has not been a common problem. Of 59 patients who did not have indwelling urinary catheters at the time of receiving extradural morphine analgesia, three had to be catheterized in the next 24 h and a further one reported difficulty in micturition. This contrasts with the four male subjects who could either not pass urine or had slowness in micturition for 12-18 h (although none required catheterization). One possible explanation is that this autonomic disturbance (probably parasympathetic inhibition), is transient and self-limiting in duration, despite continuation of extradural analgesia. The inability to ejaculate despite effective erection, reported by three of the subjects, suggests sympathetic autonomic inhibition as well.
In our clinical experience nausea or vomiting was uncommon. This is borne out by the experience of subject No.2 who tolerated the extradural administration of morphine 4 nig but reacted adversely to 15mgi.m. The impression of absence of sedation and of cardiovascular effects following extradural morphine was also confirmed.
The mode of analgesic action of extradural narcotics is uncertain. Analgesia by systemic absorption is improbable. Following extradural administration morphine appears about four times as potent and of much longer duration than after ijn. administration. Analgesia is produced with minimal central effects. Alternatively, analgesic action could be achieved through absorption to the cerebrospinal fluid (Cousins et al., 1979 ) and a central effect; minimal respiratory depression and the absence of detectable effects on psychomotor function, and our finding of an increase in pain threshold in the legs without such an increase on the forehead, suggest that the principal analgesic action is exerted at a spinal level.
The substance P-utilizing synapses of the dorsal horns which are associated with pain pathways (Jessell, 1977; Iversen, 1979) are a likely site, as they are known to be inhibited by opiates and enkephalins. The manner in which the side-effects were caused remains uncertain, but suggests that opiates are less than totally specific to depression of pain pathways in the spinal cord. La administracion extradural tuvo como resultado un aumento del dolor umbral en las piernas, pero no en la frente, ni tampoco una deteriorizarion de la coordinaci6n de la memoria a-corto plazo, ni una depresion significativa en la respuesta de dioxido de carbono. La morfina intramuscular tuvo como consecuencia un aumento del dolor umbral en la frente, una depresi6n en la respuesta de dioxido de carbono y una deteriorizaci6n de la funcion cerebral. La morfina extradural ocasion6 retencion urinal en 4 de los pacientes e inhabilidad para eyacular en 3. El principal emplazamiento de la acd6n de la morfina extradural parece ser de carater regional, a nivel de la espina dorsal, pero parece ser que pueden quedar afectadas la funcion autonomica y la percepcidn de dolor.
